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1.0  PROGRESS  AND  TECHNICAL  SUMMARY 

The  phenomenological  model  work  on  the  Sr  gBa  ^NbgOg  single  crystal 
was  continued  and  the  thermodynamic  calculations  for  this  composition  have 
given  confidence  in  the  applicability  of  the  method,  and  of  the  importance 
of  the  higher  order  electrostriction  in  controlling  the  temperature  depen¬ 
dence  of  compliances  in  the  ferroelectric  self-polarized  phase.  Our  most 
urgent  task  was  to  extend  the  model  calculations  to  at  least  two  other  bronze 
compositions  so  as  to  determine  if  the  higher  order  constants  are  largely  in¬ 
dependent  of  cation  make-up  in  the  bronze  family.  This  verification  will 
enable  us  to  go  ahead  with  confidence  to  calculate  the  full  gamut  of  elasto- 
dielectric  properties  available  in  the  whole  complex  bronze  structure  family. 

To  this  end,  our  work  over  the  last  six  months  has  been  concentrated  upon  the 
growth,  characterization  and  measurements  of  single  crystals  at  selected  com¬ 
positions  in  the  (NaxKi_x)2^Sri_y®ayUNI:)10030  and  Pbl-xBaxNb2°6  bronze  sYstems. 

The  SAW  measurement  work  on  SBN:60  composition  is  in  progress  to 
establish  the  acoustical  losses,  so  that  it  will  be  possible  to  identify  the 
problems  associated  with  this  crystal.  However,  the  results  of  the  present 
work  show  that  the  other  acoustical  properties  of  SBN : 60  are  comparable  with 
the  best  known  bronze  composition  PbgKNbgOjg. 

The  Sr  gBa  gNb20g  and  Sr2KNbg0^g  tungsten  bronze  films  have  success¬ 
fully  been  grown  onto  the  Sr  gBa  ^NbgOg-substrates  by  the  liquid  phase  epi¬ 
taxial  (LPE)  technique  from  the  BaV20g  and  KV03  solvents,  respectively.  The 
growth  of  these  bronze  compositions  was  studied  on  different  crystallographi- 
cally-oriented  SBN  substrates  and  it  has  been  shown  that  the  growth  is  much 
faster  on  the  (OOl)-plate.  The  quality  of  the  films  is  reasonably  good,  and 
films  as  thick  as  20-60  Mm  have  successfully  been  developed  for  acoustical 
and  electro-optical  characterization.  The  hetero-epitaxial  growth  of  Sr2KNbg015 
on  the  SBN:60-substrate  has  been  reported  for  the  first  time  and  this  opens  a 
new  interest  in  this  family  for  their  applications  in  a  variety  of  areas  in¬ 
cluding  SAW,  electro-optic,  acousto-optic  and  non-linear  optics.  For  the 
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ferroelectric  films,  it  is  important  that  the  film  is  poled  before  they  are 
used  for  characterization;  this  task  has  been  accomplished  successfully  and 
we  do  not  consider  poling  to  be  a  major  problem  in  the  present  work.  The 
piezoelectric  coefficients,  d33,  djg,  e33  and  e^,  and  electromechanical 
coupling  coefficients  k33  and  k^,  which  are  important  in  the  present  study, 
are  evaluated.  Once  this  task  is  completed,  it  is  planned  to  examine  their 
acoustical  properties.  Based  on  these  results,  the  necessary  changes  in  com¬ 
positions  will  be  made  to  obtain  optimum  SAW  properties. 

A  comparative  study  of  crystal  chemistry  of  ferroelectric  tungsten 
bronze  PbNb^Og  was  carried  out.  The  limit  of  stability  of  the  Pbf^Og  struc¬ 
ture,  specifically  the  orthorhombic: tetragonal  structural  transition  and  the 
Tc  appears  to  be  controlled  primarily  by  the  size  of  substitutional  ions. 

Several  compositions  based  on  the  Pbi_2xKxLaxNb2°6  and  Pbl-2xKxBlxNb2°6  sys‘ 
terns  exhibit  excellent  dielectric,  piezoelectric  and  electromechanical  coupl¬ 
ing  constants  and  seem  to  be  promising  candidates  for  SAW  and  other  device 
applications. 

A  crystal  of  Sr  gBa  4Nb,,0g  supplied  by  Rockwell  was  optically  eval¬ 
uated  at  several  laboratories  (Rockwell  and  NRL).  The  results  of  these  inves¬ 
tigations  showed  that  SBN:60  single  crystals  had  better  optical  properties 
than  LiNb03  and  LiTa03;  however,  the  striations  seem  to  be  somewhat  a  problem 
in  the  present  crystals.  Efforts  are  under  way  to  improve  the  growth  techni¬ 
que,  so  that  it  will  be  possible  to  reduce  the  striation  problem  to  a  degree 
such  that  the  crystal  can  be  used  for  optical  applications. 
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2.0  MODELING  STUDIES 


2. 1  Introduction 

As  discussed  in  previous  reports,  the  thermodynamic  model  calcula¬ 
tions  for  the  Ba  3gSr  glNb20g  bronze  have  given  confidence  in  the  applicabi¬ 
lity  of  the  method,  and  of  the  importance  of  the  higher  order  electrostriction 
in  controlling  the  temperature  dependence  of  compliances  in  the  ferroelectric 
self-polarized  phase.  Our  most  urgent  task  was  to  extend  the  model  calcula¬ 
tions  to  at  least  two  other  bronze  compositions  so  as  to  determine  if  the 
higher  order  constants  are  largely  independent  of  cation  make-up  in  the  bronze. 
This  verification  will  enable  us  to  go  ahead  with  confidence  to  calculate  the 
full  gamut  of  elasto-dielectric  properties  available  in  the  whole  complex 
bronze  structure  family. 

To  this  end,  our  work  over  the  last  six  months  has  been  concentrated 
upon  the  growth,  characterization  and  measurement  of  single  crystals  at  selec¬ 
ted  compositions  in  the  (NaxKj_x)2(Srj_  Ba  )4Nb10030  and  Pbi_xBaxNb2°6 

, .  y  y 

lies. 

2.2  Selection  of  New  Bronze  Compositions 

The  reasoning  behind  the  selection  of  the  two  bronze  families  delin¬ 
eated  above  for  new  model  studies  were  as  follows: 

1.  In  the  (NaxK1_x)2(Sr1_yBay)4Nb10030 

a.  At  the  2/4  ratio  chosen,  the  valence  is  such  that  all  the 
larger  A^  and  A2  sites  must  be  filled.  Thus,  the  ratios 
x  and  y  may  be  modified  without  changing  fractional  occu¬ 
pation  of  A^  or  A2. 

b.  There  is  some  evidence  that  fully  stuffed  structures  of 
this  type  may  have  lower  dielectric  and  elastic  losses. 

c.  The  domain  structure  in  this  crystal  can  now  be  readily 
revealed  by  etching. 
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2.  The  Pbi_xBaxNb20g  family 

a.  The  morphotropic  boundary  occuring  at  compositions  near 
x  =  0.4  suggests  that  the  relative  stability  of  ferro¬ 
electric  ordering  along  and  orthogonal  to  the  4-fold  axis 
is  sensitive  to  the  x  value. 

b.  If  8 i  is  a  continuously  changing  function  of  (1-x),  then 
it  should  be  possible  to  find  crystals  with  very  high 
e^  and  d^5  in  this  family. 

c.  By  combining  compositions  in  the  two  families,  we  should 
be  able  to  design  materials  in  which  we  can  choose  the 
values  of  flj  and  8 j,  the  most  important  parameters  in 
the  Gibbs  function. 

2.3  Progress 


2.3.1  Crystal  Growth 

Czochralski  growth  of  crystals  in  both  systems  was  carried  out  in 
a  Crystalox  Model  MCGS3  Materials  Preparation  System  at  Penn  State. 

In  the  sodium  potassium/barium  strontium  family,  only  the 
K  2Na  ^Sr  gBa  2Nb206  cou^  be  9rown  with  all  Aj  and  A2  sites  filled.  Other 
compositions  which  were  attempted  led  to  materials 


K.12Na.l4Sr.33Ba 

K.14Na.14Sr.53Ba 

K.13Na.13Sr.65Ba 

K.14Na.llSr.73Ba 


.54 


.33 


.23 


.14 


Nb206 

Nb2°6 

Nb2°6 

Nb2°6  * 


In  each  case,  the  composition  was  determined  directly  by  chemical 

analysis  of  the  crystal  boule.  Following  a  suggestion  from  Dr.  M.  Liu  at 

3+ 

Honeywell,  the  effect  of  Nd  as  a  growth  promoter  was  explored  in  the  com¬ 
pos  i ti on  Nd  . 0gK. 14Na . 12Sr. 48Ba . 30Nb2°6  * 
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In  the  Pl3i_xBaxNb2^6’  crysta^s  a  size  suitable  for  initial  elasto- 
dielectric  characterization  have  been  grown  at  the  compositions  x  =  0.7  and 
x  =  0.5.  For  the  Pb  3Ba  composition,  the  crystal  can  be  grown  from 

stoichiometric  starting  mixture.  At  the  higher  lead  proportions,  there  is 
significant  loss  of  PbO  from  the  growth  crucible  during  pulling,  and  melts 
with  excess  PbO  are  used.  Composition  of  the  pulled  crystal  is  then  deter¬ 
mined  by  chemical  analysis. 

2.3.2  Initial  Characterization 

Room  temperature  data  for  the  compositions  K  ^Na  ^Sr  ^Ba  ^Nb^Og, 

Pb  32Ba  7Nbi  gg°3  and  Pb  49Ba  45Nb2  1°6  are  g^ven  in  Table  I  below.  Dielec¬ 
tric  permittivity  as  a  function  of  temperature  for  the  sodium  potassium  com¬ 
position  is  given  in  Fig.  1,  and  corresponding  data  for  the  lead  barium  com¬ 

positions  in  Figs.  2-5. 

The  good  quality  of  the  individual  crystals  is  altered  by  the  sharp 
high  maxima  in  e^  at  Tc  in  each  case. 

In  the  lead-containing  compositions,  it  is  gratifying  to  note  the 
enhancement  of  e^  which  is  occurring  with  increasing  lead  content.  By  taking 
the  reciprocal  of  e^  above  Tc,  the  Curie  Weiss  behavior  for  e^  is  confirmed 
with  the  value  of  the  Curie  Weiss  temperature  0^  increasing  from  172° K  in  the 
PBN30.70  composition  to  483°K  in  the  composition.  It  was  somewhat 

surprising  to  find  a  rather  similar  escalation  of  the  transverse  permittivity 
jl  in  the  KNa-containing  bronze,  in  spite  of  the  higher  Curie  point  at  175°C. 
Again,  it  is  satisfactory  to  note  that  the  higher  transverse  susceptibility  is 
accompanied  by  much  larger  values  of  djg  ~-118  and  of  coupling  coefficient 
k15  ~37%. 

Measurements  are  now  proceeding  to  determine  the  full  family  of 
elastic,  dielectric  and  piezoelectric  constants  to  fit  with  the  predictions 
of  the  thermodynamic  theory. 
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3.0  SURFACE  ACOUSTIC  WAVE  (SAW)  PROPERTIES 
3. 1  Introduction 

The  purpose  of  the  present  investigation  is  to  develop  suitable 
temperature-compensated  tetragonal  tungsten  bronze  compositions  that  possess 

p 

high  SAW  electromechanical  couplii.j  coefficient  (K  )  with  a  sufficiently  low 
temperature  coefficient  of  SAW  velocity.  Since  the  tungsten  bronze  struc¬ 
tural  family  embraces  some  100  or  more  known  compounds  and  several  solid 
solution  systems,  the  possibility  of  developing  a  suitable  composition  for 
SAW  application  is  very  significant.  Bronze  compositions  such  as  PbKNbg015 
(PKN),  Ba2NaNb5015  (BNN),  etc.,  have  been  proved  to  possess  very  attractive 
characteristics  for  SAW  device  applications,  but  these  compositions  did  not 
find  commercial  use  due  to  extreme  difficulty  in  obtaining  suitable  size  sin¬ 
gle  crystals.  It  is  then  natural  to  trade-off  some  of  the  properties  for 
crystals  which  can  easily  be  grown  and  modified  according  to  device  require¬ 
ments.  The  tetragonal  bronze  Sr^Ba^b^Og  solid  solution  was  selected  for 
this  study  because  its  piezoelectric  properties  and  Curie  temperature  can  be 
changed  in  the  desired  range.  Although  the  values  (electromechanical 
coupling)  and  dj5  (piezoelectric  constant)  for  SBN  are  much  smaller  than 
those  attainable  in  the  best  bronze  compositions,  SBN  provides  a  model  system 
for  studying  the  composition  dependence  of  the  key  quantities,  and  for  veri¬ 
fying  the  predictive  power  of  the  phenomenological  Devonshire  theory  for  these 
systems.  The  present  SBN:60  single  crystals  not  only  have  provided  such  in¬ 
formation,  but  this  crystal  can  also  be  used  as  substrate  material  for  other 
SBN  and  bronze  compositions.  This  is  a  unique  advantage  in  the  present  work 
and  makes  it  possible  to  develop  other  interesting  and  desired  bronze  composi¬ 
tions  for  SAW  device  applications.  Based  on  our  phenomenological  model,  other 
bronze  compositions  such  as  Pb^Ba^bgOg  and  Ba2-xSrxKl-y^ayNb5®15  are  P°ten" 
tially  important  since  they  exhibit  high  electromechanical  coupling  coefficient 
kj5  and  piezoelectric  constant  d^g  similar  to  PKN.  Table  2  summarizes  physical 
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TABLE  2.  Important  piezoelectric  tungsten  bronze  compositions  for  SAW  applications. 
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properties  for  various  bronze  compositions.  The  results  of  the  present  SAW 
measurements  have  briefly  been  summarized  in  the  following  section. 

3.2  Acoustical  Characterization  of  SBN:60  Single  Crystal 

The  Czochralski  single  crystal  growth  technique  has  successfully 
been  developed  for  the  congruent  melting  composition  Sr  gBa  ^f^Og.  Detailed 
information  on  the  compositional  boundary  conditions  and  phase  diagram  have 
already  been  discussed  in  our  earlier  reports.  During  the  past  eight  months, 
considerable  effort  has  been  made  in  evaluating  the  acoustical  characteristics 
of  the  SBN:60  single  crystals;  this  work  is  progressing  as  planned.  The  re¬ 
sults  are  briefly  discussed  with  our  future  plans  and  efforts  in  this  direc¬ 
tion. 

As  summarized  in  Table  3,  surface  acoustical  measurements  were  per¬ 
formed  on  three  different  cuts,  namely  (100),  (110)  and  (001)  of  the  SBN:60 
crystal.  For  the  X  and  (110)  cuts,  propagation  was  along  the  (001)  direction; 
for  the  Z-cut,  propagation  was  along  the  (100)  direction.  Fifteen  finger  pair 
transducers  were  used,  and  periodicity  was  104.4  jum.  Transducer  electrodes 
were  photol ithographical ly  fabricated  from  aluminum  films,  approximately  1000A 
thick,  by  conventional  wet  etching  techniques.  The  detailed  experimental  pro¬ 
cedure  has  been  presented  in  our  previous  report.  Results  of  this  work  showed 
that  the  tetragonal  tungsten  bronze  composition  SBN:60  possesses  temperature- 
compensated  orientations  and  that  it  appears  to  be  suitable  for  SAW  device 
applications  with  some  minor  modifications  in  its  present  acoustical  character- 

O 

istics.  THe  SAW  electromechanical  coupling  (K  )  for  three  different  cuts, 

(100),  (110)  and  (001),  of  SBN:60  bulk  single  crystal  has  been  established. 

This  constant  has  been  shown  to  be  larger  for  the  (001)  plate  propagating 

along  the  (100)  direction  and,  as  summarized  in  Table  3,  its  value  is  measured 
-4 

to  be  180  x  10  .  This  value  is  much  smaller  than  the  best  known  piezoelectric 

Y-Z  cut  LiNbO,  bulk  single  crystal  (480  x  10”^),  but  it  is  similar  to  the  best 
3  -4 

known  bronze  composition  Pb2KNbg0jg  (188  x  10  ).  The  measurements  on  the 

other  cuts  such  as  (100)  and  (110)  plates  and  propagating  along  the  (001) 

-4  -4 

direction  were  55  x  10  and  60  x  10  ,  respectively.  The  temperature  coeffi- 


ACOUSTICAL  CHARACTERISTICS  OF  THE  SBN:60  SINGLE  CRYSTALS 
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cient  of  SAW  velocity  and  acoustical  losses  for  this  composition  have  also 
been  determined;  these  are  given  in  Table  3.  It  is  interesting  to  note  that 
both  the  orthorhombic  PKN  and  the  tetragonal  SBN  crystals  exhibit  similar 
acoustical  characteristics,  even  though  their  piezoelectric  properties  are 
different;  specifically,  the  coupling  constant  k15  =  0  .69  and  the  piezoelec¬ 
tric  constant  d^  =  470  are  substantially  larger  for  PKN  than  for  SBN  or  any 
other  bronze  compositions.  The  PKN  crystal  also  shows  anomalous  elastic  con¬ 
stant  temperature  coefficients,  which  lead  to  the  existance  of  ZTCD-cuts  for 

2  -4 

SAWs.  These  cuts  possess  values  of  K  up  to  188  x  10  ,  while  their  time- 

-4  -l5 

bandwidth  products  are  0.6  x  10  sm  ,  which  are  similar  to  those  given  for 
LiNbOj.  This  makes  PKN  very  promising  for  SAW  device  application;  however, 
this  crystal  did  not  find  commercial  use  because  of  extreme  difficulty  in  ob¬ 
taining  suitable  size  crystals  for  such  applications.  On  the  other  hand,  the 
bulk  single  crystal  growth  of  the  temperature  compensated  SBN:60  composition 
(one  inch  in  diameter)  has  successfully  been  shown  by  the  present  authors, 
and  as  such,  there  is  possibility  that  this  composition  can  be  used  with  some 
modification  or  it  can  be  used  as  substrate  material  for  other  suitable  com¬ 
positions  which  exhibit  desired  acoustical  characteristics.  The  latter  ap¬ 
proach,  LPE,  has  already  proven  successful  not  only  for  the  SBN: 50  composi¬ 
tion,  but  for  other  compositions  such  as  Sr^KNb  5°  15  (hetero-epitaxial  growth). 

As  summarized  in  Table  3,  the  insertion  and  attenuation  losses  for 
the  SBN:60  single  crystal  have  also  been  established,  and  they  appear  to  be 
substantially  higher  for  the  SBN : 60  crystal  than  for  other  important  piezo¬ 
electric  materials  such  as  LiNbO^,  LiTaOj,  PKN,  etc.  Similar  SAW  measurements 
on  the  other  bronze  compositions  SBN:50  and  SBN:75  within  the  Sr,  Ba  Nb90c 
solid  solution  system  have  been  made  by  Uchica  et  al.'  ',  and  their  results 
show  that  these  losses  (for  SBN:50,  insertion  loss  5  dB,  attenuation  loss  0.2 
dB/cm)  for  the  other  two  compositions  are  considerably  lower  order  than  the 
SBN-.60  crystals.  Since  the  SBN:60  composition  is  located  between  the  other 
two  compositions  in  the  SrNb20g-BaNb20g  binary  system,  it  was  expected  that 
these  losses  should  be  of  the  same  order  for  the  SBN:60  composition.  In 
order  to  establish  this  result  more  conclusively,  efforts  are  being  made  to 
determine  these  measurements  rn  various  other  boules  developed  under  the 


16 


Rockwell  International 


MRDC41007.21SA 

present  program,  so  that  it  will  be  possible  to  control  the  factors  affecting 
stability,  which  may  be  associated  with  material  growth  or  materials  charac¬ 
teristics  or  with  acoustical  measurements  techniques  and  their  interpretation. 
Since  the  SBN:60  composition  melts  congruently  in  the  binary  system  SrNb20g- 
BaNb20g,  it  is  expected  that  the  quality  of  the  SBN:60  crystal  should  be  better 
than  any  other  composition  within  the  solid  solution  range. 

However,  we  have  already  developed  the  SBN:60  single  crystals  from  the  melt 
containing  ultra-pure  starting  materials  which  will  produce  crystals  of  high 
quality.  At  present,  the  SAW  measurements  are  in  progress  on  these  crystals 
and  results  should  be  available  soon.  Improvements  in  our  SAW  technique  are 
also  being  made  in  order  to  check  the  possible  source  of  error;  this  should 
make  it  possible  to  establish  correct  information  on  these  crystals. 

Besides  the  SBN:60  single  crystal,  SAW  measurements  on  the  other  im¬ 
portant  bronze  compositions  such  as  Sr  gBa  gNb20g,  S^KNbgO^,  Pbj  xBaxNb2°6’ 
Ba2-xSrxKl-yNayNb5°lS-  etc.  have  also  been  initiated.  As  summarized  in  Table 
3,  the  coupling  constant  k15  and  the  piezoelectric  constant  d15  are  signifi¬ 
cantly  higher,  specifically  for  the  Pbi_xBaxNb2°6  solid  solution  system,  and 
based  on  our  phenomenological  model  developed  for  this  tungsten  bronze  family 
such  compositions  should  exhibit  interesting  acoustical  properties  with  minimum 
insertion  as  well  as  attenuation  losses.  The  preliminary  bulk  single  crystal 
growth  work  on  these  compositions  (at  Rockwell  and  Penn  State)  has  already 
shown  that  small  size  crystals,  approximately  5-10  mm  in  diameter,  can  be  grown 
for  piezoelectric  characterization.  During  the  next  six  months,  efforts  will 
be  extended  at  Rockwell  to  develop  this  technique  to  produce  the  crystals  of 
good  quality  and  of  approximately  1  to  2  cm  in  diameter,  so  that  the  piezoelec¬ 
tric  as  well  as  acoustical  properties  can  be  established  to  determine  the  opti¬ 
mum  bronze  compositions  for  SAW  device  applications. 
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4.0  LIQUID  PHASE  EPITAXIAL  GROWTH  OF  TUNGSTEN  BRONZE 
FAMILY  COMPOSITIONS 

The  purpose  of  the  liquid  phase  epitaxial  (LPE)  growth  work  is  to 
develop  and  modify  suitable  tungsten  bronze  compositions  that  possess  high 

p 

SAW  electromechanical  coupling  constants  (K  )  with  sufficient  low  temperature 
coefficient  of  SAW  velocity.  The  ability  of  LPE  to  obtain  a  wide  variety  of 
films  in  a  relatively  short  time,  compared  with  the  time  required  to  achieve 
suitable  quality  in  bulk  single  crystals,  will  enable  us  to  greatly  expand 
our  knowledge  of  obtainable  properties  in  this  class  of  materials.  Since 
large  size  single  crystals  of  bronze  compositions  Sri_xBaxNb20g,  where  x  = 

0.60  and  0.50,  are  now  available  from  our  current  work  and,  secondly,  since 
the  LPE  growth  of  Sr  gBa  gNb20g  has  been  shown  to  be  successful ^ ,  this  ap¬ 
proach  seems  to  be  most  exciting  in  the  present  work  to  develop  either  simple 
or  complex  bronze  compositions  for  SAW  device  applications.  It  is  interesting 
to  note  that  the  bronze  single  crystals  Sr  ggBa  40Nb20g  have  already  been  shown 
to  be  temperature-compensated  with  great  promise  for  their  device  applica¬ 
tions.  Although  these  results  are  encouraging,  it  is  important  to  improve 
the  quality  and  properties  by  improving  the  material  characteristics.  This 
can  be  achieved  in  the  present  work  by  developing  LPE  layers  of  different 
compositions,  and  thereby  obtain  optimum  compositions  for  SAW  device  applica¬ 
tions.  Based  on  our  phenomenological  model  developed  for  the  bronze  family, 
the  piezoelectric  d^  and  d^g  (or  e 33  and  e^g)  and  electromechanical  coupling 
constants  k33  and  k^5  play  important  roles,  and  their  values  should  be  large 
to  achieve  better  temperature  compensation  in  piezoelectric  material.  The 
bronze  compositions  based  on  the  tetragonal  solid  solution  PblxBaxNb20g, 
KNb03-SrNb206  (e.g.,  Sr2KNb  etc.  exhibit  excellent  piezoelectric  char¬ 

acteristics  and  appear  to  be  promising  candidates  for  SAW  device  applications. 
The  LPE  growth  of  a  few  bronze  compositions  including  SBN  and  SKN  has  already 
been  initiated  and  has  briefly  been  discussed  in  the  present  report. 
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4. 1  Growth  of  Sr  gBa  gNbgOg  Thin  Films 

The  LPE  growth  technique  has  successfully  been  developed  for  the 
bronze  composition  Sr  gBa  gNbgOg  by  using  the  BaV ^ Og  solvent.  The  system 
BaVgOg-Sr^Ba^bgOg  has  been  studied  in  great  detail  and,  as  shown  in  Fig. 

6,  the  tungsten  bronze  SBN  composition  extends  over  a  wide  compositional 
region.  At  present,  the  composition  represented  along  the  binary  join  BaVgOg- 
Sr  gBa  gNbgOg  has  been  used  for  LPE  growth  and  has  proven  useful  for  develop¬ 
ing  films  of  composition  Sr  4gBa  54^2^6'  Detailed  information  on  this  system 
has  already  been  given  in  our  earlier  reports. 

Table  4  summarizes  the  results  of  the  LPE  growth  experiments  for 
the  Sr  gBa  gNbgOg  thin  films  grown  onto  the  Sr  gBa  ^NbgOg  substrates.  The 
films  thus  grown,  specifically  onto  the  (100)-  and  (llO)-plates,  are  of  excel¬ 
lent  quality  and  smooth.  Although  the  surface  quality  is  acceptable  and  the 
ferroelectric  and  SAW  measurement  work  is  in  progress,  continuous  efforts  are 
being  made  to  improve  the  surface  quality  of  the  films.  This  task  is  being 
accomplished  either  by  dipping  the  substrate  at  relatively  higher  tempera¬ 
tures  ( 10° C )  or  by  polishing  the  surfaces  of  the  grown  films.  Both  approaches 
seem  to  be  suitable,  and  it  is  therefore  anticipated  that  surface  quality  will 
not  be  a  major  problem  for  SAW  characterization. 

During  the  past  six  months,  efforts  were  also  initiated  to  character¬ 
ize  the  films  to  examine  their  ferroelectric  and  acoustical  characteristics. 


This  requires  a  poled  sample  and  has  to  be  achieved  prior  to  characterization. 
According  to  Ballman  et  al.^,  the  Tc  for  the  bronze  composition  Sr  gBa  gNbgOg 
is  around  125° C,  which  is  substantially  higher  than  the  substrate  SBN:60 
(72°C).  In  order  to  obtain  poled  film/substrate,  the  sample  was  heated  over 
150°C  (in  oil  bath)  and  the  dc  field  was  then  applied  (6  KV/cm).  After  suffi¬ 
cient  time  had  elasped  (1  hr),  the  sample  was  slowly  cooled  to  room  temperature, 
while  the  dc  field  was  maintained.  This  proved  to  be  successful,  and  the  films 
were  found  suitable  for  characterization.  Efforts  are  in  progress  to  establish 


the  most  important  parameters,  such  as  piezoelectric  coefficients  dgg 


,  d 


15’ 


e^g  and  e^g,  and  electromechanical  coupling  coefficients  kgg  and  k^gj  we  expect 


these  results  will  be  available  soon.  Based  on  these  measurements,  it  will 
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Table  4:  EPITAXIAL  GROWTH  CONDITIONS  FOR  THE  TUNGSTEN  BRONZE  Sr.cBa.t-NbpO.  COMPOSITION 
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BaV20g 


Fig.  6.  The  system  BaV20g-SrNb206-BaNb2Og,  in  air  at  1200°C 
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be  possible  to  anticipate  temperature  compensation  behavior  in  this  composi¬ 
tion.  During  the  next  six  months,  SAW  characteristics  of  this  composition 
will  also  be  evaluated  and,  based  on  this  information,  it  will  be  possible 
to  identify  the  optimum  composition  within  the  Sr^Ba^bgOg,  0.25<x<0.75 
solid  solution  system. 

4.2  Growth  of  SrpKNbgO^c  Thin  Films 

S^KNbgO^  (SKN)  belongs  to  the  tetragonal  tungsten  bronze  struc¬ 
tural  family;  it  is  ferroelectric,  with  Curie  temperature  (T  )  around  160°C. 

The  crystal  of  this  composition  exhibits  excellent  dielectric,  piezoelectric 
and  electro-optic  properties,  which  suggests  possible  applications  for  surface 
acoustic  wave  and  electro-optic  device  applications.  The  single  crystal 
growth  of  this  composition  is  known  and  reported  by  various  workers  including 
the  present  authors.  Although  single  crystal  growth  of  the  SKN  composition 
is  possible,  the  technique  is  confined  to  producing  relatively  small  size 
crystals,  approximately  5-6  mm  in  diameter.  The  growth  of  tungsten  bronze 
compositions,  in  general,  is  difficult  and  success  depends  strongly  on  the 
ability  to  control  the  diameter  of  the  crystal  and  the  thermal  gradient  in  the 
crystal  near  the  solid-liquid  interface.  An  alternative  approach  to  this  pro¬ 
blem  is  LPE-grown  thin  films  for  SAW  application,  since  the  lattice  mismatch 
between  the  SBN  and  SKN  compositions  is  minimal  and  SBN  single  crystals  of 
one  inch  in  diameter  are  now  available  for  such  study.  Table  5  summarizes 
physical  characteristics  of  SBN  and  SKN  compositions. 

As  identified  in  our  earlier  reports,  crucial  to  the  success  of  this 
isothermal  growth  is  an  ability  to  supercool  the  solution  without  occurrence 
of  spontaneous  nucleation.  It  is  therefore  necessary,  before  LPE  can  be  per¬ 
formed,  to  find  a  suitable  flux  system  (solvent)  for  the  SKN  composition. 

Based  on  our  on-going  research  work  in  this  area,  a  large  number  of  solvents 
such  as  KVO3,  KgBgO^,  SrVgOg,  SrBgO^,  etc.  have  been  identified  for  this 

composition,  but  the  choice,  at  present,  has  been  restricted  to  the  solvent 
5+ 

KVOv  Since  the  V  cation  has  strong  preference  for  the  4- fold  coordinated  site, 
0  5+ 

the  inclusion  of  V  in  the  SKN  is  ruled  out.  Further,  the  KVO3  solvent  melts 
at  very  low  temperature  (540°C)  and  growth  should  therefore  be  possible  at  low 
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temperature.  The  phase  equilibria  study  for  the  system  based  on  composition 
*5^5^15~^r2KNb5®15  has  been  established  by  the  DTA  technique.  Figure  7  shows 
a  partial  phase  diagram  for  this  system.  Although  it  is  difficult  to  obtain 
a  complete  phase  relation  for  such  multicomponent  systems,  the  information 
obtained  from  this  diagram  is  adequate  to  initiate  the  LPE  growth  of  SKN 
composition. 

The  mixture  containing  75  mole  %  and  25  mole  %  Sr^^Nb^O^ 

has  been  selected,  since  this  mixture  melts  at  relatively  low  temperatures 
(1000°C)  and  has  been  found  to  be  suitable  to  develop  thin  films  of  the  com¬ 
position  S^KNbj-O^.  The  mixture  was  first  calcined  at  650°C  for  about  10-15 
hrs  and  then  melted  in  a  100  cc  platinum  crucible.  The  crucicle  was  then 
placed  in  the  growth  furnace.  As  shown  in  Fig.  8,  the  growth  apparatus  con¬ 
sists  of  a  vertical  furnace  which  was  controlled  with  an  accuracy  of  ±1/2  C. 

The  mixture  was  kept  heated  overnight  at  1250°C  and,  after  achieving  complete 
homogeneity,  the  molten  solution  was  slowly  cooled  to  the  growth  temperature, 
around  1000° C,  at  the  rate  of  10° C/hr.  The  (100),  (110)  or  (001)  oriented 
Sr  gBa  4Nb206  substrate,  positioned  slightly  above  the  melt  in  order  to  equili- 
briate  the  solution  temperature,  was  dipped  into  melt.  An  appropriate  dipping 
temperature  was  around  1000° C.  After  the  required  time  for  the  growth  had 
elapsed,  the  sample  was  withdrawn  from  the  melt  and  cooled  very  slowly  to 
room  temperature.  The  adhering  flux  was  removed  by  dipping  the  substrate  in 
dil.  hydrochloric  acid.  The  results  of  this  investigation  are  similar  to 
those  observed  for  the  growth  of  Sr  ^Ba  gNb^Og  composition  on  SBN  substrate. 

In  the  present  case,  the  growth  was  also  much  faster  on  the  (001)  plate,  com¬ 
pared  to  the  other  orientations.  This  is  consistent  with  our  observations  on 
the  bulk  single  crystal  growth  of  the  S^KNbgOj,.  composition,  where  growth  was 
only  possible  along  the  (001)  direction.  Figure  9  shows  a  typical  cross- 
section  of  the  SKN  film  grown  onto  the  (001)  plane;  thickness  of  the  film 
is  approximately  20  vm.  By  using  this  technique,  it  was  possible  to  grow 
films  as  thick  as  25-30  /im,  which  is  a  significant  accomplishment  in  the 
present  work. 
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Fig.  8.  LPE  thin  film  growth  furnace. 
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Fig.  9 


A  typical  cross-section  of  the  SroKNbc0lc 
(OOl)-cut  SBN:60  substrate.  2  5  15 


film  on  the 


Rockwell  International 


MRDC41007.21SA 

The  films  grown  from  KVO^  flux  are  dark  amber  to  yellow  in  color, 
depending  on  the  film  thickness,  and  the  surface  is  smooth  and  clear.  Micro¬ 
scopic  examination  at  high  magnification  showed  a  slightly  rougher  aspect  in 
the  case  of  thicker  films,  in  range  30-35  urn  films.  The  crystallinity  and 
film  growth  have  been  established  by  the  X-ray  diffraction  technique.  A  typi¬ 
cal  intensity  vs.  film  thickness  plot  is  given  for  the  reflection  (002)  in 
Fig.  10.  Two  peaks  corresponding  to  CuK  and  K  represent  the  Sr  gBa  4Nb20g 
substrates,  while  the  SKN  film  position  is  denoted  by  CuK'  and  K'  a 2>  The 

intensity  of  film  reflection  was  significantly  stronger  than  that  of  the  sub¬ 
strate,  indicating  the  high  degree  of  crystallinity  as  well  as  confirmation  of 
the  growth  of  SKN  layer  on  the  SBN  substrate.  The  lattice  constants  determin¬ 
ation  for  substrate/film  is  in  progress  to  establish  the  film  composition, 
i.e.,  the  ratio  Sr:K  in  the  composition  SroKNbc0,r. 

/g\  c  o  lb 

Recently  Adachi  et  al.v  1  also  demonstrated  the  successful  hetero- 
epitaxial  growth  of  another  bronze  composition  ^L^Nb^O^  on  the  bronze 
K2BiNb5015  substrate  material  by  the  rf  sputtering  and  LPE  techniques.  The 
K3Li2Nb50l5  films  thus  grown  were  shown  to  be  of  excellent  quality  and  thick¬ 
ness  was  approximately  3-4  m.  Although  this  work  is  similar  to  our  present 
work,  the  growth  rate  of  the  SKN  composition  is  much  faster  and  we  have  suc¬ 
cessfully  grown  SKN  films  as  thick  as  25-30  pm.  The  quality  of  our  films  is 
excellent,  which  is  considered  a  major  accomplishment  in  the  present  work. 
Further  work  on  the  SKN  films  is  in  progress  to  improve  the  film  quality  and 
a  few  other  details;  however,  this  opens  a  new  interest  for  this  family  and 
their  applications  not  only  for  SAW  devices,  but  also  in  other  areas  such  as 
electro-optics,  acousto-optics  and  non-linear  optics.  As  summarized  in  Table 
6,  there  are  a  number  of  other  important  bronze  compositions  that  possess  ex¬ 
cellent  dielectric,  piezoelectric,  and  optical  properties,  but  these  are  ex¬ 
tremely  difficult  to  grow  in  the  form  of  bulk  single  crystals.  Since  the  lat¬ 
tice  mismatch  between  the  selected  compositions  and  the  substrate  materials 
such  as  Srl  xBaxNb20g,  x  =  0.50  and  0.60,  and  Ba^  2^r  gNa  25K  75^5°15  1S 
minimal,  it  will  be  possible  to  develop  some  of  these  compositions  for  a  wide 
variety  of  applications.  Work  on  a  few  compositions  is  already  in  progress, 
and  it  will  be  possible  to  characterize  them  in  the  next  six  months. 
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SC  79-4451 


Fig.  10.  X-ray  diffraction  peak  taken  for  substrate/film. 


Table  6.  Selected  Bronze  Compositions  for  Epitaxial  Growth. 
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5.0  STRUCTURAL  AND  FERROELECTRIC  PROPERTIES  OF  THE  PHASE 
Pbl-2xKxMx+Nb2°6*  M  s  La  0R  Bi 

5. 1  Introduction 

Lead  metaniobate,  PbNbo0/-,  was  first  studied  and  reported  ferroelec- 
( 10-11 1  d  D 

trie  by  Goodman  in  1953'  since  then,  this  material  has  been  the  subject 

(12-23) 

of  several  investigations'  ' .  Although  the  Curie  temperature  was  much 
higher  than  that  of  any  known  ferroelectric,  the  material  did  not  find  imme¬ 
diate  application  because  of  the  difficulty  in  preparing  good  non-porous  cer¬ 
amic  and  the  associated  problem  of  poling  them.  By  analogy  with  previous  work 
on  barium  titanate  and  other  ferroelectric  hosts,  the  effect  of  replacing 
part  of  the  Pb2+  by  other  divalent  and  trivalent  ions^24"27)  or  Nb5+  by  tetra- 
valent  or  hexavalent  ions  was  studied,  with  the  objective  of  improving  the 
sintering  and  general  ferroelectric  properties  of  ceramics.  It  was  reported 
that  the  Curie  temperature  was  reduced  and,  although  this  would  be  a  disadvan¬ 
tage,  this  made  it  possible  to  pole  the  material  more  effectively  and  to  suc¬ 
cessfully  enhance  the  dielectric  and  piezoelectric  properties. 

Since  our  current  interest  is  in  surface  acoustic  wave  and  millimeter 
wave  device  applications,  the  search  for  a  suitable  ferroelectric  material  hav¬ 
ing  high  dielectric  and  piezoelectric  properties  is  constantly  being  made.  The 

present  work  reports  the  structural,  dielectric  and  piezoelectric  properties 

.  3+ 

of  the  solid  solutions  based  on  the  PbNb20g  phase,  e.g.,  pbi_2XKxMx  Nb20g, 

where  M  =  La  or  Bi. 

5.2  Experimental  Procedure 

PbO,  I^COg  (Baker  Analyzed  Grade),  Bi^  (Fischer  Scientific  Co,), 
La20.j  (American  Potash  and  Chem.  Corp.),  and  Nb^  (Atomergic  Co.)  were  used 
as  the  starting  materials.  The  ceramic  specimens  were  prepared  by  the  conven¬ 
tional  technique  of  milling,  prefiring,  crushing,  pressing  and  firing.  The 
specimens  were  prepared  in  the  form  of  disks  1.3  cm  in  diameter  and  0.3  cm 


MRDC41007.21SA 


thick.  The  final  sintering  was  for  2-3  hours,  and  the  temperature,  which  de¬ 
pended  on  composition,  was  between  1250° -1300°C. 

Preparation  of  pure  PbNb0Oc  is  complicated  by  the  existence  of  ferro- 

L  b  (in) 

electric  and  non-ferroelectric  modifications'  .  The  transition  between  these 
modifications  is  reversible,  although  it  is  accompanied  by  considerable  temper¬ 
ature  hysteresis.  The  high-temperature  ferroelectric  form  was  prepared  by 
heating  to  1320°C  for  30  minutes  and  then  cooling  rapidly^^.  X-ray  powder 
diffraction  data  were  obtained  with  a  Norelco  diffractometer,  using  CuK  radia¬ 
tion  and  a  graphite  monochromator  operating  at  35  kV  and  28  ma.  Measurements 
were  made  from  strip  charts,  produced  by  scanning  h  2©/min  on  acetone  smear- 
mounted  powders.  The  measurements  are  believed  to  be  accurate  to  ±0.02  20. 
Instrumental  error  was  corrected  through  the  use  of  an  internal  silicon  stan¬ 
dard.  Least-squares  analysis  of  the  data  for  refined  cell  constants  was  per¬ 
formed  on  a  Harr  is  Model  1660  computer. 

The  fired  disks  were  metallized  on  the  major  surfaces  by  using  either 
platinum  paste  or  a  vacuum-deposited  layer  of  platinum.  Disks  required  to  be 
poled  were  heated  in  silicon  oil,  and  a  static  field  of  20  kV  per  cm  was  applied 
at  temperatures  as  near  as  possible  to  150  to  170°C,  the  field  being  maintained 
while  the  disks  were  allowed  to  cool. 


5.3  Crystalline  Solubility  and  Structural  Transitions 

The  work  on  K  cLa  cNb^O/-  by  Soboleve  et  al . (27-28)  and  our  work  Qn 
/2g\  .o  .o  d  b  J 

K  gBi  gNb20g'  '  show  that  these  two  phases  crystallize  in  the  tetragonal 
crystal  symmetry  and  are  isostructural  with  high  temperature  tetragonal  modi¬ 
fication  of  PbTa20g.  At  room  temperature,  the  ferroelectric  PbTa20g  phase  has 
an  orthorhombic  symmetry  and  is  isostructural  with  the  tungsten  bronze  Pbf^Og 


phase.  This  suggests  that  all  the  systems  considered  in  this  work  are  struc¬ 
turally  related  and  should  form  a  continuous  solid  solution  on  the  pseudo¬ 
binary  systems,  Pb^Og-K  gLa  gNbgOg  and  Pbl^Og-K  gBi  gltt^Og.  The  results 
of  X-ray  diffraction  powder  work  are  in  good  agreement,  and  a  complete  solid 
solution  has  been  identified  on  both  the  systems.  Three  structurally  related 
phases,  namely  the  orthorhombic  and  the  tetragonal  tungsten  bronze  type  phases 
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3+ 

and  the  tetragonal  K  gLa  gNb20g  have  been  established  for  the  Pbi_2XKxMx  Nb^Og, 
M  =  La  or  Bi ,  solid  solution  system.  Figure  11  shows  X-ray  diffraction  powder 
patterns  for  the  three  phases. 

The  results  of  X-ray  measurements,  at  room  temperature,  show  a  homo¬ 
geneity  range  of  the  orthorhombic  tungsten  bronze  phase  to  x  =  0.50,  while  the 
tetragonal  tungsten  bronze  phase  is  present  in  the  composition  range  0.50<x 

<0.85.  At  the  other  end,  the  crystalline  solid  solubility  of  PbNb-0,-  in  the 

3+  ^  0 

K  5M  gNb20g  phase  is  limited  and  is  estimated  to  be  in  the  composition  range 

0.86<x<1.0.  At  composition  x  =  0.50,  both  the  orthorhombic  and  tetragonal 

tungsten  bronze  phases  coexist.  This  type  of  morphotropic  condition  has  also 

been  reported  on  the  Pb,_ xBaxNb20g  system^2®”2*) .  The  variation  of  lattice 

parameters  as  a  function  of  composition  for  the  system  Pbi_2XKx*‘axNb2°6  has 

been  shown  in  Fig.  12.  The  a  and  c  parameters  increased  only  slightly,  while 

the  b  parameter  decreased  considerably  with  increasing  concentration  of 
3+ 

K  gM  5Nb20g  in  the  PbNb20g  phase.  The  decrease  in  the  b  parameter  was  substan¬ 
tial  compared  to  the  a  parameter,  so  that  the  ratio  b/a  becomes  close  to  unity 
for  values  x>0.50. 

5.4  Ferroelectric  Data 

The  Curie  temperature,  Tc,  is  known  to  be  one  of  the  fundamental 
characteristics  of  ferro-  and  anti-ferroelectrics .  This  measurement  gives 
the  origin  of  the  spontaneous  polarized  state  and  is  considered  important  for 
characterizing  the  piezoelectric  materials.  In  the  present  work,  Tc  for  the 
different  solid  solution  systems  has  been  obtained  by  measuring  the  dielec¬ 
tric  properties  as  a  function  of  temperature.  The  technique  is  relatively 
simple,  and  the  measurements  have  been  routinely  made  by  using  a  capacitance 
bridge  (HP  4270A).  The  test  specimens  (disks)  used  for  the  dielectric  measure¬ 
ments  are  approximately  1.3  cm  in  diameter  and  0.3  cm  thick,  and  are  coated  on 
each  side  with  platinum  by  the  standard  vacuum  evaporation  technique. 

A  typical  plot  of  the  dielectric  constant  vs.  temperature  is  given 
in  Fig.  13  for  a  few  compositions  on  the  Pb^  -2xK  xLaxNb20g  systems.  It  can 
be  seen  that  the  peak  at  Curie  temperature  is  sharp  and  is  shifted  toward  a 
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Fig.  11.  X-ray  powder  diffraction  patterns  for  the  Pb.  K  La  Nb„0, 
solid  solution  system.  x  x  2  6 


34 


UNIT  CELL  Aao  AND  BAo  UNIT  CELL  c 


Rockwell  International 


MRDC41007.21SA 


MRDC81-12758 


PbNb2Og  0.2  0.4  0.6  0.8  K  5La  5Nb20g 


PbNb206  0.2  0.4  X).6  0.8  K  5La  5Nb20g 

COMPOSITION  IN  MOLE  % 
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.  12.  Variation  of  lattice  parameters  for  the  Pb.  .  K  H“  Nb?0c, 
M  =  La  or  Bi .  wx  x  x  c  0 
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lower  temperature  with  increasing  amounts  of  K  gLa  gNb20g  in  PbNbgOg.  Tc  for 

the  pure  PbNb-0,-  has  been  recorded  at  560°C,  and  this  temperature  dropped  for 
®  +  3+  3+ 

all  the  additions  of  K  and  La  or  Bi  in  both  the  orthorhombic  and  the  tetra¬ 
gonal  tungsten  bronze  phases.  By  using  this  peak  position,  the  transition  tem¬ 
perature  for  each  system  has  been  determined.  Figure  14  shows  the  variation 

of  Tc  as  a  function  of  composition  for  the  Pbi_2xKx*'axN^2^6  ancl  Pl)l-2xKxBlxNb206 
systems.  Variation  of  Tc  with  composition  is  linear  in  both  systems  and  is  ap¬ 
proximately  of  the  same  order.  Lowering  of  the  T  has  also  been  reported  for  sev- 

c  / 12-25} 

eral  other  systems  based  on  the  PbNb90K  solid  solutions' 

c.  o  p+ 

The  effect  of  variety  of  different  substituent  ions,  such  as  Ba  , 

Sr2+,  Ca2+,  Cd2+  and  Bi3+  for  Pb2+  in  the  PbNb,Oc  phase,  has  been  studied  and 

f 13- 19 1  D 

reported  in  literature'  ' .  Except  for  Ba  ,  all  other  ions  are  smaller 
2+ 

than  Pb  ,  and  their  addition  did  not  alter  the  orthorhombic  crystal  symmetry. 

However,  in  the  case  of  the  Pb,  Ba„Nbo0,  solid  solution  systerr/2®-21^ ,  the 
2+  i"x  2$  c  b 

substitution  of  Ba  (150A)  for  Pb  (132A)  first  decreases  the  orthorhombic 
distortion,  and  then  induces  a  tetragonal  structure  with  polar  axis  along  the 
c  rather  than  along  the  b  axis.  Further,  the  interesting  feature  in  this  sys¬ 
tem  is  that  Tc  first  decreased  in  the  orthorhombic  tungsten  bronze  phase  and 
then  increased  in  the  tetragonal  tungsten  bronze  phase.  This  is  the  unique 
case  in  the  Pbl^Og-based  solid  solutions;  also,  since  the  average  ionic  size 

of  K+  +  La3+  (1.355A)  and  K+  +  Bi3+  (1.34A)  is  bigger  than  Pb2+  and  since  both 

3+ 

systems,  e.g.,  pb1_2xKxMx  f^Og,  M  =  La  or  Bi ,  and  Pb^Ba^b^g,  are  struc¬ 
turally  similar,  it  was  expected  that  the  addition  of  K+  with  La3+  or  Bi3+ 
would  produce  similar  results,  i.e.,  first  a  decrease  and  then  an  increase 
in  the  Tc.  The  results  of  this  investigation  (Fig.  14)  indicate  that  the 

continuously  decreasing  Curie  temperature  occurs  with  increasing  amounts  of 
+  3+  +  3+ 

K  +  La  or  K  +  Bi  in  both  the  orthorhombic  and  tetragonal  tungsten  bronze 

phases,  indicating  that  Tc  is  not  only  controlled  by  the  size  of  substituent 

ions,  but  its  location  in  the  structure  is  equally  important.  Since  the  coor- 
2+ 

dination  of  Pb  is  15-  and  12-  fold  in  the  tungsten  bronze  structure,  there 

exist  three  possibilities  for  each  ion  in  this  structure,  namely  in  the  15 

(12-24) 

or  12,  or  in  both  the  sites.  Neither  the  work  reported  in  the  literature'  ' 

nor  the  results  of  this  investigation  are  sufficient  to  establish  the  site 
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Fig.  14.  Variation  of  the  ferroelectric  Tc  for  the  Pbi_2xKxMx+Nt,2®6’ 
M  =  La  or  Bi . 
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preference  or  their  distribution  over  the  two  crystallographic  sites.  Further 
work  in  this  direction  is  of  significant  interest  in  the  present  study  in 
order  to  establish  the  site  preference  for  different  ions  and  their  influence 
over  the  T.  behavior,  and  ferroelectric  properties. 
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6.0  FUTURE  PLANS 

6. 1  Application  of  Phenomenological  Model 

Based  on  the  phenomenological  analysis  on  the  tungsten  bronze  fam¬ 
ily,  it  has  been  shown  that  the  sixth  order  electrostriction  constants  •*> .... 

J  i  j  k l mn 

play  an  important  role  in  studying  the  elastic  behavior  in  the  single  domain 
ferroelectric  phase.  This  work  will  be  continued  to  obtain  more  information 
on  the  tungsten  bronze  family  compositions  such  as  Pb^Ba^b^Og  and 

Ba2-xSrxKl-yNayNb5°15‘ 

6.2  Piezoelastic  Measurements 

All  of  the  piezoelastic  tensor  elements  of  the  material  SBN : 61  have 
been  evaluated  using  appropriate  resonator  geometries.  For  future  work,  it 
has  been  planned  that  more  detailed  studies  be  conducted  with  the  2nd  order 
coefficients  with  respect  to  temperature  over  the  range  -20  to  +50° C.  In 
addition,  the  stability  of  the  SBN  crystals  at  a  constant  temperature  will 
be  evaluated.  Based  on  this  extensive  work,  changes  in  composition  or  in 
growth  technique  may  be  undertaken. 

6.3  Materials  Preparation  and  Acoustical  Characterization 

The  liquid  phase  epitaxial  (LPE)  technique  has  been  shown  to  be 
successful  for  developing  the  bronze  compositions  Sr  gBa  gNb20g  and  Sr2KNbg0j5 
onto  various  crystallographic  orientations  such  as  (100),  (110)  and  (001)  of 
Sr  gBa  ^Nb20g  substrates.  The  poling  technique  for  the  compositions 
Sr  gBa  5Nb20g  has  been  established  and  this  should  make  possible  the  deter¬ 
mination  of  the  ferroelectric  and  acoustical  properties  of  the  films.  Once 
the  acoustical  properties  for  these  films  are  determined,  efforts  will  be 
made  to  modify  the  film  composition  to  obtain  optimum  SAW  composition.  Dur¬ 
ing  the  next  six  months,  efforts  will  also  be  made  to  evaluate  and  characterize 
Sr2KNb5°15  and  other  important  bronze  films  that  possess  excellent  piezoelectric 
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e15  or  dl5 


and  electromechanical  coupling  coefficient 


6.4  Electro-Optic  Measurements 

Optical  measurements  will  be  continued  to  determine  the  half-wave 
voltage  for  the  different  boules  of  Sr  gjBa  jgf^Og  single  crystals.  Once 
this  task  is  accomplished,  efforts  to  grow  optical  quality  SBN  single  crystals 
will  be  made. 
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